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ABSTRACT 

A  landslide  on  an  abandoned  cutbank  along  the  North 
Saskatchewan  River  was  i nvesti gated .  Standard  procedures  were 
employed  and  conventional  equipment  and  instruments  were  used  to 
arrive  at  and  compile  a  large-scale  surficial  materials,  structure 
and  contour  map,  a  cross-section  along  the  longitudinal  axis  of  the 
slide,  and  lithologic  sections  in  bedrock  and  slide  material. 

The  principal  materials  involved  in  the  slide  area,  are 
from  top  to  bottom:  Lake  Edmonton  silts  and  clays,  two  tills,  bent¬ 
onitic,  partly  concretionary  beds  of  shale  and  sandstone,  and  a 
seam  of  coal  from  the  Edmonton  Formation.  Surficial  expressions, 
vegetal  regrowth  and  auger  hole  logs  indicate  the  occurrence  of 
an  earlier  slide.  The  shear  zone  of  the  more  recent  slide  is  shal¬ 
low  and  material  displacement  is  large.  The  mass  probably  descended 
qu i te  rapidly. 

Probable  causes  of  this  slope  failure  are:  additional 
consolidation  of  all  materials  due  to  the  load  of  glacial  ice  and 
subsequent  differential  rebound,  under-cutting  by  the  river,  a  fault 
trending  normal  into  the  bank,  lateral  expansion  and  fissuring  of 
bedrock  near  the  surface,  swelling  pressure  of  clays,  the  increase 
of  hydrostatic  pressure  in  open  fractures  due  to  seasonal  meltwater, 
and  the  removal  of  gravel  from  the  toe  by  man. 
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CHAPTER  ONE 


INTRODUCTION 

In  Webster's  Third  New  International  Dictionary,  a  landslide 
or  landslip  is  defined  as  "(D  the  rapid  downward  movement  under  the 
influence  of  gravity  of  a  mass  of  rock,  earth  or  artificial  fill  on 
a  slope,  (2)  the  mass  that  moves  or  has  moved."  This  investigation 
is  primarily  devoted  to  the  second  definition.  Terzaghi  (1929)  dif¬ 
ferentiates  between  the  shearing  slide  or  slump  and  the  flow  slide. 

A  slump  is  a  "downward  slipping  of  a  mass  of  rock  or  unconsolidated 
material  of  any  size,  moving  as  a  unit  or  as  several  subsidiary  units, 
usua  1 1  y  with  backward  rotation  on  a  more  or  less  horizontal  axis  par¬ 
allel  to  the  cliff  or  slope  from  which  it  descends.  Displacement  is 
usua  1 1  y  small  relative  to  the  size  of  the  block.  The  slip  surface  is 
deep  and  spoonshaped.  Most  slumps  move  slowly  and  intermittently  over 
a  long  period  of  time  but  some  are  completed  in  a  single  rapid  slip" 
(Sharpe  1933,  p . 6 5 ) .  While  a  flow  slide  involves  only  a  skin  of  sur- 
f i ci a  1  material. 

The  landslide  under  investigation  falls  under  Terzaghi's  group 
of  shearing  slides  or  slumps.  It  is  a  shallow  slump  of  large  displace¬ 
ment  and  rapid  movement  that  spills  over  the  lip  of  its  shear  surface 
and  grades  into  an  earthflow  towards  the  toe. 

The  slide  area  is  located  in  NW£  Sec.  28,  Tp.  51,  Rg •  23,  W  A 
Mer.,  close  to  "Big  island",  eight  aerial  miles  southwest  of  the  Univ¬ 
ersity  Campus  in  Edmonton,  Alberta  (Figure  1).  The  slide  material  has 
slid  out  westward  from  a  steep  cutbank  into  an  abandoned  channel  of  the 
North  Saskatchewan  River  (Figures  2  S  3) .  To  the  north  of  the  slide 
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Figure  2.  Landslide  after  drilling.  View  eastward  from  floodplain. 

is  a  wooded  area  exhibiting  progressive  wedge  or  block  sliding,  to  the 
east  a  hummocky  belt  that  abruptly  yields  to  a  gently  undulating  plain, 
to  the  south  a  steep  slope  that  is  spar i ngl y vegeta ted ,  and  to  the  west 
a  grave  1 -covered  low  terrace,  "big  Island"  and  the  River. 

Until  two  centuries  ago  little  was  known  about  landslides. 
Collin  ( 1 3A6)  published  a  detailed  report  on  the  geometry  of  failed 
slopes  in  clays  and  postulated  causes  of  their  failure,  which  marked 
the  beginning  of  geomechanics.  But  this  significant  'work  was  largely 
ignored  and  forgotten  until  Terzaghi  (1925)  injected  renewed  enthusiasm 
into  research  on  slope  failure.  Since  then  a  large  number  of  workers 
have  produced  volumes  of  valuable  material  on  this  topic.  Among  them 
Sharpe  (1938,  I960)  summarized  the  types  of  slides  and  their  relation- 
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Figure  3.  Landslide.  View  downslope  from  the  crown. 
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ship  to  other  forms  of  mass  wasting;  and  Terzaghi  (1951)  grouped  the 
causes  of  slope  failure  into  two  categories:  those  that  are  directly 
responsible  and  those  that  are  indirectly  responsible  for  a  slide. 

In  1958  the  U.S.  Highway  Research  Board  Landslide  Committee  published 
the  Special  Report  No.  29  entitled  Lands  1 ?  des  and  Eng?  neer i ng  Practice 

which  summarized  ail  work  ,  currently  accepted  definitions,  and  forms, 
of  slope  failure.  Because  of  its  concise,  comprehensive  and  logical 

presentation,  material  from  Plate  1  and  Table  1  of  this  particular 
report  served  as  a  basis  for  the  terms  and  scales  used  in  this  study. 

Relatively  little  has  been  published  on  slope  stability  in 
the  overconsolidated  bentonitic  rock  that  typically  outcrops  on  valley 
sides  in  the  Edmonton  area.  This  rock  is  jointed,  poorly  cemented, 
thin  bedded,  lenticular  bentonitic  sandstone  and  shale  of  continental 
origin  and  of  Upper  Cretaceous  age  (Ower,  1958).  Tills  and  lacustrine 
deposits  overlie  this  succession.  Scott  and  Brooker  (19&8)  have  ap¬ 
proached  the  problem  of  slope  stability  in  bentonitic  shales  that  typ¬ 
ically  outcrop  for  many  miles  along  streams  in  the  Prairies,  and  Bruce 
(1966)  has  studied  slope  failure  in  a  similar  succession,  the  bentonitic 
Pierre  Shales  of  South  Dakota.  In  addition  some  research  has  been  under¬ 
taken  recently  by  the  University  of  Alberta  staff  on  aspects  of  slope 
stabi 1 i ty  however ,  little  has  yet  been  published. 

In  the  present  study  the  slide  is  mainly  in  bentonite-rich 
sandstone  some  of  which  have  a  sa 1 t-and-pepper  appearance,  and  shales 
of  the  Upper  Edmonton  Formation,  which  are  covered  with  two  sheets  of 
till  and  beds  of  Lake  Edmonton  silts  and  clays.  The  object  of  this 
study  was  to  map  all  features  of  the  slide  area,  to  establish  the  shear 
surface  of  the  slide,  to  estimate  displacements  of  surficial  slide 
material,  to  determine  some  engineering  properties  of  the  materials  in- 
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volved,  and  to  determine  the  more  significant  factors  responsible  for 
this  slide.  It  is  emphasized  that  this  is  a  geomorphic  study. 


CHAPTER  TWO 


METHOD  OF  INVESTIGATION 


Field  Work 

Since  both  general  and  detailed  surficial  expressions  of  the 
slide  are  of  prime  significance  in  estimating  the  character  of  the 
landslide,  an  accurate  topographic  map  (Plate  1)  with  one-foot  con¬ 
tour  intervals  was  required.  To  establish  a  control  grid,  1 85  label¬ 
led  pegs  were  placed  at  topographically  and  lithologically  strategic 
points.  Almost  all  pegs  were  surveyed  with  a  transit  by  tr i angu la tion 
and  checked  with  a  chain  to  with  +0*1  feet  in  elevation  and  +0.5  feet 
in  plan.  The  ground  elevation  at  TPA  on  the  flood  plain  gravels  was 
chosen  as  an  arbitrary  datum  of  100  feet  in  elevation,  roughly  2100 
feet  above  mean  sea  level;  the  location  itself  was  the  end  of  a  base¬ 
line.  Pegs  within  the  slide  area  proper  were  marked  with  numbers  and 
pegs  along  both  ends  of  the  slide  were  labelled  with  prefixes  CL  and 
TL,  (Plate  1)  meaning  cliff  line  and  toe  line.  The  pegs  were  5  to  30 
feet,  or  an  average  of  20  Feet,  apart  and  provided  good  control  for 
visual  mapping.  Then,  with  an  optical  alidade  and  plane  table,  points 
an  average  of  3  feet  apart  were  surveyed  and  plotted.  On  an  overlay 
of  this  plot  of  points,  the  elevation  countours,  at  one  foot  interval, 
were  closely  estimated  in  the  field,  thus  ensuring  that  all  prominent 
and  almost  all  s ma 1 1  features  were  included.  Small  features,  such 
as  protrusions  and  depressions,  having  less  than  1/2  foot  of  relief 
were  ignored.  To  ensure  against  excessive  crowding  of. contour  lines 
a  scale  of  1  inch  to  10  feet  was  chosen. 
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On  the  countour  map  an  outline  of  surficial  materials,  their 
attitudes  and  fractures,  and  the  location  of  surface  material  samples 
were  plotted  (Plate  1).  Later,  the  locations  of  drill  holes  and 
trenches  were  added  to  this  map. 

One  hundred  bag  samples,  prefixed  with  an  S,  (Table  3)  were 
collected  from  the  surface,  located  on  the  map  (Plate  1),  and  later 
matched  with  those  recovered  from  the  subsurface  investigation. 

The  subsurface  investigation  involved  drilling  seven  power 
auger  holes  along  the  line  of  greatest  estimated  movement,  (Plate  11 
to  I X)  ,  denoted  as  line  C-*C  and  one  auger  hole  D-l,  (Plate  X)  ,  in 
a  graben  below  the  northern  scarp.  Both  disturbed  and  undisturbed 
sarnples'were  recovered  at  one  foot  intervals.  The  tool  was  always 
dr i ven  to  refusal . 

The  lithology  of  in-piace  bedrock  was  logged  from  two  manually 
dug  trenches.  The  trench  along  line  A-A  (Plate  XI),  follows  the  grade 
up  the  cut-slope  just  south  of  the  slide.  An  averager  of  6  feet,  and 
up  to  10  feet,  of  weathered  material  had  to  be  removed  before  undist¬ 
urbed  bedrock  was  reached.  The  trench  along  line  B-B,  (Plate  XII), 
is  an  offset  continuation  of  trench  A.  It,  too,  follows  a  straight 
line,  but  within  the  slide  near  the  southern  end  of  the  main  scarp. 
Because  of  its  recent  exposure,  weathering  was  relatively  shallow 
so  that  less  than  2  feet  of  material  needed  removing. 

Attitudes  of  probable  joint  planes  were  measured  in  till  out¬ 
cropping  along  the  northern  scarp  (Table  2,  Figure  50 ) .  No  such  planes 


' 


. 


■ 


9 


were  found  in  the  same  till  on  the  southern  scarp  where  fabric  measure¬ 
ments  were  done  (Table  1,  Figure  49).  All  field  work  was  completed 
in  the  winter  and  spring  of  1968. 

La  bo r a  t o  ry  Work 

In  order  to  establish  the  mineralogy  and  engineering  proper¬ 
ties  of  the  materials  involved  in  the  slide,  one  or  more  tests  were 
performed  on  each  of  the  436  samples  collected.  The  results  are  tab¬ 
ulated  in  Table  3  and  plotted  in  part  on  Plates  III  to  XII.  Three 
dozen  thinsections  were  prepared  and  examined  under  the  petrographic 
microscope  and  photographed  but  were  not  found  to  be  useful  in  this 
study.  Two  dozen  of  these  photomi crographs  are  illustrated  in  Figure 
37  (in  Appendix  C) .  The  clay  fraction,  of  particle  size  not  exceeding 
1  micron,  of  8  rock  samples'was  prepared  for,  and  subjected  to  X-ray 
diffraction  analysis.  The  results  are  illustrated  in  Table  4. 

Essentially  all  rock  material  disintegrated  readily  with  agit¬ 
ation  in  water  and  could  therefore  be  subjected  to  testing  procedures 
suited  for  soils.  Hence,  complete  mechanical  analyses  were  performed 
on  300  samples,  and  Atterberg  limits  on  135  samples.  The  natural 
moisture  content  was  measured  on  395  samples.  The  results  were  used 
mainly  for  lithologic  correlation  of  slide  material  with  that  in-situ. 

Most  undisturbed,  or  shelby  tube,  samples  from  the  auger  holes 
were  cut  axially  and  photographed  (Figure  36).  Carbonate  content 
determinations  were  performed  on  321  samples  (Table  3  and  Plates  III 
to  XII). 
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Essentially  all  rock  material  disintegrated  readily  with  agit¬ 
ation  in  water  and  could  therefore  be  subjected  to  testing  procedures 
suited  for  soils.  Hence,  complete  mechanical  analyses  were  performed 
on  300  samples,  and  Atterberg  limits  on  135  samples.  The  natural 
moisture  content  was  measured  on  395  samples.  The  results  were  used 
mainly  for .  1  i  thol-og  i  c  correlation  of  slide  material  with  that  in  situ. 

Most  undisturbed,  or  shelby  tube,  samples  from  the  auger  holes 
were  cut  axially  and  photographed  (Figure  35).  Carbonate  content 
determinations  were  performed  on  321  samples  (Table  3  and  Plates  III 
to  XII). 


CHAPTER  THREE 


RESULTS  OF  SURFACE  INVESTIGATIONS 

Field  and  laboratory  data  were  compiled  in  the  following 
forms:  several  small-scale  outline  and  indicator  maps  (Figures  39  to 
46),  a  large-scale  composite  map  (Plate  1),  a  cross-section  through 
the  slide  along  line  C-C  (Plate  11),  and  logs  from  auger  holes  and 
trenches  (Plates  III  to  XII).  Tables  1  to  4  list  all  data.  Figure 

46  indicates  the  location  and  scope  of  Figures  3  to  33.  Figure  51 
contains  the  legend  to  the  log  plates. 

Morphology  of  the  Slide 

The  slide  surface  exhibits  the  following  features  (Figure  40) : 
a  V-shaped  crown  and  flanks,  a  bisected  main  scarp  the  foot  of  which 
is  largely  covered  wi th  talus,  a  slightly  backward  rotated  head,  a 
number  of  d r i f ted  •apar t  and  forward -ti 1  ted  blocks  below  the  head, 
three  major  and  several  minor  transverse  ridges  on  the  back  of  the 
outflowing  slide  material,  a  rimmed  ha  1 fmoon-shaped  toe  and  onlapping 
tip.  Visible  shear  and  tension  fractures  are  common  in  many  parts  of 
the  slide  material  (Figure  4l). 

The  Crown 

The  crown  spreads  across  the  highest  area  of  the  main  scarp. 

At  its  edge  it  breaks  abruptly  through  the  turf  with  no  visible  frac¬ 
tures  and  little  bevelling.  Between  pegs  CL-6  and  CL~7  (Plate  1)  a 
small  scarp  trends  easterly.  The  ends  of  the  crown-line  turn  westerly 
quite  abruptly  and  continue  in  cliff-lines.  As  seen  on  the  shear  slope 
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the  material  under  the  crown  is  water-deposited  silts  and  clays  of 
glacial  Lake  Edmonton,  with  the  proportion  of  silt  increasing  with 
depth.  The  contact  with  till  is  conformal  without  transition  (fig¬ 
ures  h ,  5  &  6) . 

The  Flanks 

The  surfaces  of  the  two  flanks  differ  considerably  from  each 
other  (Figure  2).  The  northern  flank  is  covered  with  a  stand  of  young 
deciduous  trees  and  moderately  dense  underbrush.  Trees  close  to  the 
scarp,  particularly  those  higher  up  the  flank,  are  stunted  or  dried 
out,  clearly  indicating  a  lack  of  soil  moisture.  The  slope  is  exposed 
to  the  north.  Except  for  the  two  anomalies  at  the  faults  (Plate  1), 
it  is  fairly  smooth.  A  few  old  tree  stumps  lean  up  to  ten  degrees 
into  the  slope  and  the  lower  parts  of  some  trunks  are  bent  outwards 
from  the  slope.  The  slope  ends  at  C L - 1 6  in  old,  progressive  slide 
ma  ter i a  1 . 

The  southern  flank  which  is  exposed  to  the  southwest,  is  free 
of  shrubs  and  trees  but  is  covered  with  grass.  Its  inclination  varies 
with  the  type  of  underlying  materials.  The  slope  is  shallower  in  the 
lacustrine  silts,  clays,  and  in  the  highly  fissile  black  shales  under 
the  tills,  and  steeper  in  the  tills.  The  cliff-line,  or  edge,  is 
bevelled  between  CL-4  and  CL-6  and  is  increasingly  separated  into 
parallel  enechelon  turf  strips  as  one  approaches  the  scarp.  No  cracks 
are  visible  further  down  the  cl  iff- line. 

In  plan  the  crest,  or  crown-line,  together  with  both  cliff¬ 
lines,  resembles  a  right-angle  V  with  its  axis  pointing  northeast. 

Its  total  length  is  approximately  180  feet.  In  more  detail  the  en¬ 
tire  crest  projects  as  a  series  of  concave  inward  lines,  each  spanning 
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5.  Columnar  till  and  lacustrine  silts  and  clays  on 

northern  scarp. 
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Figure  6.  Upper  central  and  southern  scarp. 

a  section  of  material  of  different  properties.  The  ends  merge  imper¬ 
ceptibly  wi th  the  slopes.  The  southern  limb  of  the  crest  projects  as 
a  shallow  zig-zag  pattern  to  C L - 1  and  disperses  beyond  peg  20.  All 
points  that  lie  south  of  a  straight  line  that  connects  CL— 1  and  TPB 
on  the  northern  limb  deviate  little  from  a  straight  line. 

The  Scarp 

- - ■.  - -  -■  ■,-«  t,.o 

It  v/as  indicated  earlier  that  different  materials  underlie  the 
flanks  and  crown.  The  upper  members  of  the  Edmonton  Formation,  till  and 
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glacio- lacustr  i  ne  deposits  are  clearly  exposed  along  much  of  the  50- 
foot  high  scarp  and  control  the  angle  of  repose.  However,  this  scarp 
is  structurally  interrupted  along  a  long  talus  slope  between  TPB  and 
TPF  (Figure  4) ,  a  point  on  the  highest  part  of  the  slide  head.  A 
talus  wedge,  the  thickness  of  which  is  largely  related  to  the  quantity 
of  debris  available,  skirts  much  of  the  scarp  and  obscures  the  contact 
1  i  ne  wi  th  the  head  . 

The  slope  of  the  scarp  changes  for  each  type  of  material  ex¬ 
posed.  The  central  portion  increases  with  silt  content  from  35  de¬ 
grees  at  the  top  to  45  degrees  at  the  till  contact  (Figure  6).  In 
the  area  between  CL-6  and  peg  2  the  slope  is  steeper  and  appears  to 
have  sagged  considerably.  Cracks  and  large  voids  between  blocks  of 
till  seem  to  point  to  a  disturbed  zone  beneath  the  surface  (Figure  7). 
Indeed,  a  vertical  displacement  of  almost  8  feet  was  measured  where 
material  to  the  south  is  on  the  upthrown  side. 

South  of  Cl, -8  is  another  crease,  where  a  downward  displace¬ 
ment  of  4  inches  with  respect  to  material  to  the  north,  could  be  mea¬ 
sured.  The  silt  beds  immediately  above  the  till  point  between  CL-8 
and  peg  4  stand  vertically  for  several  feet  before  they  grade  into 
clayey  beds  that  assume  an  average  angle  of  repose  that  ranges  from 
25  to  40  degrees  (Figure  5).  The  ground  surface  east  of  CL-8  is 
irregular.  Thus  a  large  block  has  dropped  between  CL-6  and  CL-8.  It 
is  worth  noting  that  the  surface  between  CL-6  and  CL~7  has  dropped  2 
feet  only,  and  not  8  feet  as  measured  on  the  scarp. 

A  relatively  major  shear  fault  zone  due  to  earlier  sliding 
was  exhumed  west  of  peg  2  and  between  pegs  3  and  5  (Figure  7)*  This 
fault  is  in  line  with  and  is  the  cause  of  the  depression  trending 
east  through  CL-7.  It  is  dipping  steeply  to  the  north  and  disappears 
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Figure  7.  Fault  zone  below  peg  2;  left  portion  of  photograph. 

under  the  talus  slope  below. 

The  contact  between  the  silt  beds  and  the  tills  below  is  sharp 
and  conformable.  It  is  dipping  several  degrees  southeast  on  the  north 
side  and  one  to  two  degrees  on  the  south  side  of  the  scarp.  The  upper 
till  is  tough,  medium  grey,  desiccated  on  the  surface,  and  7  to  9  feet 
thick.  it  rests  on  a  thin  irregular  sheet  of  well-sorted  sand,  pro¬ 
bably  the  Tofield  Sands.  On  the  south  scarp  it  is  a  vertical  continuous 
wall  but  on  the  north  scarp  it  is  columnar  (Figures  b  &  5) . 
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The  lower  till  is  dark  grey  and  lightly  stained,  weak  and 
finely  fissured  and  rests  at  angles  of  between  35  and  55  degrees.  It 
is  mostly  covered  with  fine  debris.  The  contact  with  the  Edmonton 
Formation  below  is  noncon forma b 1 e  (Figures  8  &  9) . 

The  attitude  of  the  Edmonton  Formation  outcropping  below  the 
tills  is  also  very  difference  on  both  sides  of  the  scarp.  On  the 
north  side  sandstone  beds  striking  northeast  and  dipping  18  to  20 
degrees  easterly  make  an  unconformable  contact  with  the  tills  (Fig¬ 
ure  10).  Between  pegs  bb  and  A6  a  wedge  of  till,  sandstone  and  tuff- 
aceous  shales  has  slid  down  some  ten  feet  (Figures  10  &  11).  The  ex¬ 
posed  triangle  within  CL-16,  pegs  bb  and  5b  is  covered  with  bentonitic 
deeply  weathered  light  grey  shales  and  c 1  ay- i rons tone  pebbles  (Figure 
33).  This  surface  appears  to  be  paralleling  a  continuation  of  the 
cutbank  along  trench  A.  Dragged-a long  material  of  the  same  type  is 
found  below  this  triangle. 

On  the  south  scarp  the  Edmonton  Formation  reaches  a  higher 
elevation  and  exhibits  finely  fissured  mauve  shales  and  buff  to  light 
grey  bentonitic  and  tuffaceous  shales  above  the  sa 1 t-and-pepper  sand¬ 
stone.  These  beds  dip  6  to  8  degrees  to  the  east.  The  contact  with 
the  tills  above  is  nonconformable.  The  scree-covered  shales  rest 
with  a  slope  of  b?.  to  b5  degrees  whereas  the  sandstone  bulges  to  stand 
up  to  80  degrees  east  of  peg  13  (Figure  12).  In  the  middle  of  the 
bentonite-rich  sandstone  is  a  porous,  ca 1 c i te-cemented ,  erosionally 
resistant,  cross-bedded  sandstone  which  does  not  yet  protrude. 

A  striking  feature  is  a  thick  lens  of  sandstone  within  the 
shales  above  the  sandstone  beds  between  pegs  10  and  11  (Figure  10). 

Its  beds  and  contact  planes  strike  east-west  and  dip  23  degrees  north. 
The  upper  contact  is  nonconformable  with  shales  but  the  lower  contact 
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Figure  8. 


Pa raconformab 1 e  contact  be  twee  r* 
northern  scarp.  Note  difference 


till  and  sandstone  on 
in  slope  between  tills. 


Figure  0. 


Upper  t i 1 1 , 1 ower 
of  silt  embedded 


till  and  sandstone.  Note  deformed  layers 
in  lower  till,  rills  on  talus  apron. 
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Figure  10. 


T i 1 1 -sands tone  contact  exposed  along 


nor  them 


scarp . 


northern  scarp. 
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figure  12.  Sandstone  and  overlying  fissured  shales  of  southern  scarp. 


is  uri  con  forma  b  1  e,  seperated  from  the  shales  by  a  1/2  inch  thick  zone 
of  slickensided  shales.  The  shales  below  this  thin  zone  are  dipping 
6  to  8  degrees  to  the  east.  At  both  ends  is  a  sequence  of  inter- 
fingered  wedges,  dipping  under  talus  to  the  north  and  bending  down 
to  the  south  to  conform  with  the  locally  prevailing  attitudes. 

Much  of  the  centre  portion  of  the  scarp  is  covered  wi th  a  silt- 
and  till,  sandstone  and  shale  talus  apron  of  increasing  thickness  down- 
slope  (Figures  A  S  7) .  The  location  of  formation  contact  planes  and 
the  fault  zone  could  be  guessed  only.  Similarly,  much  of  the  contact 
along  the  top  of  the  head  is  concealed  under  a  wedge  of  this  debris. 

The  largest  particles  fringe  the  lowest  strip  of  the  debris  cone. 
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The  Head 

There  is  one  large,  voluminous  head  below  the  scarp.  No  minor 
scarps  were  noticed  elsewhere  on  this  head.  Its  surface  is  generally 
sloping  downhill  at  low  angles.  Shrubs  and  trees  often  indicate  the 
amount  of  tilting  due  to  sliding.  In  plan  it  is  halfmoon  shaped  and 
breaks  off  sharply  to  the  west  along  the  157~foot  contour  line.  The 
maximum  downward  displacement  of  the  head  is  60  feet,  its  lateral  dis¬ 
placement  westward  some  70  feet, and  its  backward  rotation  at  least  7 
degrees,  as  measured  from  the  till-silt  contact  under  TPF. 

On  the  northern  part  of  the  head  large,  curvilinear  shear  and 
separation  fractures  are  common  (Figure  13).  Till  underlies  most  of 
the  area,  and  lake  deposits  cap  the  east-central  area.  A  3“foot  deep 
graben  clearly  marks  the  northernmost  edge  of  the  head  and  disappears 
under  the  talus.  It  does  not  reappear  on  the  south  side.  Going  south¬ 
east,  from  peg  5^  the  graben  is  at  first  10  feet  wide  and  6  feet  deep, 
then  it  widens  to  25  feet  in  a  depression  at  auger  hole  D - 1 ,  and  then 
it  rises  until  it  finally  disperses  somewhere  between  pegs  30  and  31. 

The  Body 

One  half  of  the  entire  area  within  the  slide  is  occupied  by  a 

broad  body  of  much-deformed,  broken  slide  material.  Its  widest  section 

spans  220  feet  between  CL-16  and  peg  7^,  and  over  120  feet  in  plan  along 

line  C-C,  between  the  157~foot  and  90-foot  contour  lines.  Its  average 
•* 

slope  i s  25  degrees . 

The  topography  allows  the  body  to  be  divided  into  two  distinct 
sections:  a  smaller  section  in  the  northern  area  (Figure  1^)  and  a 

larger  section  in  the  central  and  southern  area  (Figure  15).  The  upper 
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Figure  13*  Tension  cracks  common  on  northern  part  of  slide  head  that 

i s  under  1  a i n  by  till, 

portion  of  this  northern  area  has  a  steeper  and  more  variable  slope 
than  the  lower  portion.  Its  surface  is  fractured  and  quite  rough, 
with  blocks  of  sandstone  outcropping,  as  for  example  around  peg  57 
(Figure  16).  The  strip  between  TL  22-23  and  peg  56  is  also  quite 
steep,  but  the  disturbed  shales  that  outcrop  here  dip  southerly  at 
25  to  28  degrees  and  are  not  completely  disjointed  (Figure  17)-  The 
lower  portion  is  relatively  smooth,  evenly  sloped,  and  lightly  veg¬ 
etated  (Fi gure  1 4) . 

A  30  to  50-foot  wide,  very  sandy  and  evenly  sloping  strip  south 


» 


f 


- 


Figure  I.A.  Northern  section  of  slide. 


Figure  15 


Central  section  of  slide 
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Figure  16.  Outward  wedged  blocks  of  sandstone  and  bentonitic  shales. 


Figure  17.  Outward  wedged  and  dipping  beds  of  bituminous,  bentonitic 

shales  that  are  not  completely  disjointed. 


r  t 


* 


*+ 


25 


of  the  area  just  described  is  a  transition  zone  to  the  major  and  later 
slide.  It  is  marked  with  a  slight  topographic  indentation  and  with  a 
few  low  diagonal  ridges  traversing  its  upper  part  (Figure  1*0.  Sand¬ 
stones  mixed  with  light  grey  bentonitic  shales  are  present  here.  In 
the  midd 1 e ,  between  pegs  86  and  92,  are  a  few  blocks  of  vegetated  till. 

The  lower  portion  steepens  to  degrees  down  to  peg  121  but  levels 
out  at  peg  123.  The  principal  surficial  rock  is  sa 1 t-and~pepper 
sandstone  of  the  Edmonton  Formation,  interspersed  with  fragments  of 
light  buff  bentonitic  shales. 

Quite  distinct  from  the  outcropping  slope  materials  described 
so  far  is  much  of  the  surficial  material  on  both  sides  of  line  C-C 
(Figure  15).  Most  of  it,  in  the  upper  portion,  is  till  that  thins 
out  in  a  veneer  of  vegetated  t i 1 1 ey  debris  downslope,  and  has  occas¬ 
ional  windows  of  silt  and  shale.  The  lowest  strip  exhibits  highly 
disturbed  shales,  sandstones  and  cl  ay- i rons tone  concretions  but  no 
till.  All  surface  material  has  drifted  and  separated  to  some  extent. 

The  edge  of  the  head  north  of  line  C~C  is  distinct  and  straight 
but  becomes  indistinct  and  interrupted  to  the  south  of  this  line. 
Downslope  the  topographic  contours  become  more  and  more  curved,  con¬ 
vex  outward,  with  three  transverse  ridges  evident.  From  the  indistinct 
edge  of  the  head,  the  till  has  drifted  apart  as  thick  blocks  in  a 
southwesterly  direction  (Figure  18),  and  rapidly  wedges  out  to  the 
south.  The  mauve  shales  and  buff  Lake  Edmonton  deposits  outcrop  at 
only  two  locations.  Downward  from  the  black  shale  window  around  peg 
80  the  till  in  its  original  state  wedges  out  and  carries  on  as  a  wasted, 
vegetated  veneer  almost  to  the  toe  near  peg  110.  Below  the  edge  of  the 
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Figure  18.  Blocks  of  till  separating  from  edge  of  slide  head. 

veneer,  shale’s  and  sandstone  can  hardly  be  distinguished  at  the  sur¬ 
face.  Later,  bulldozer  cuts  revealed  a  maze  of  variably  tilted 
blocks  dipping  generally  towards  line  C~C. 

The  uneven  southern  edge  grades  indistinctly  into  relatively 
undisturbed  rock,  drily  near  pegs  20,  73,  7^,  101,  and  103  do  shear 
and  tension  fractures  delimit  the  margin  of  the  slide.  A  distinct 
scarp  between  pegs  97  and  120  clearly  delineates  a  short  section  of 
the  boundary  (Figure  19)*  The  contact  wi th  the  foot,  however,  is 
almost  everywhere  clearly  defined  as  a  near  horizontal  line  which  is 
tiie  result  of  the  intersection  of  the  sloping  body  surface  and  the 
essentially  level  foot  surface.  This  boundary  line  ends  at  peg  103 
to  the  south  and  peg  123  to  the  north.  A  variety  of  surface  and 
freshly  exposed  near-surface  materials  is  illustrated  in  Figures  20 
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Figure  13. 


A  sharp  break  (left) 
main  section 


between  the  transition 
of  tiie  slide  body . 


zone  and  the 


Figure  20. 


Sha  1  e 


pinnacles  near  foot  of  slide.  The 
mass  appears  disrupted  and  mixed. 


ou  tcropp i ng 


rock 


<K 


28 


Figure  21 . 


Mixture  of 


shales  and  calcareous 
transverse  ridge. 


sandstone  on 


1  o  we  r 


Figure  22. 


Shales  and 
transverse 


fractured  sandstone  just  below  surface  of  lower 
ridge.  Mere,  the  rock  mass  is  fractured  only. 
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Figure  23.  Bentonitic  shale  and  till  exposed  in  main  section  of  body. 
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Figure  2^1.  Bentonitic  shales  exposed  in  upper  main  section  of  body 
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Figure  25-  Bentonitic  and  tuffaceous  shales  exposed  under  veneer  of  till. 


Figure  26.  Shales  and  sandstone  exposed  in  centre  of  main  section  of  body 


The  Foot 
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The  foot  rests  entirely  in  the  abandoned  stream  channel.  It 
is  quarter  moon  shaped  in  plan,  it  holds  two  shallow  bodies  of  water 
in  the  large  inner  depressions,  and  its  elevated  but  broken  toe,  or 
rim,  tucks  into  both  sides  of  the  major  slide.  The  surface  is  weather¬ 
ed  such  that  all  the  more  elevated  knolls  or  swales  clearly  exhibit 
tension  fractures  (Figures  27  to  30),  and  loose  fine  grained  sediments  is 
washed  into  depressions,  often  burying  the  original  surface  (Figures 
31  S  32).  The  ponded  water  is  surface  runoff  and  is  therefore  con¬ 
stantly  turbid,  with  colloidal  bentonite  clays  that  do  not  settle 
sufficiently  before  the  next  downpour  of  rain  washes  more  clay  sized 
particles  into  these  ponds.  During  the  winter  season  evaporation 
and  seepage  has  been  observed  to  reduce  this  water  level  by  more 
than  8  inches.  Vegetation  in  the  foot  area  is  young  and  scant. 

Surficial  material  is  generally  moister  and  softer  than  mat¬ 
erial  anywhere  else  in  the  slide.  It  is  also  well  mixed  and  perhaps 
remolded  in  places.  Sandstone,  shales,  concretions,  and  ca 1 c i cemented 
sandstones  are  present  as  an  unsorted  disoriented  mass  of  blocks 
(Figure  30) .  Coal  outcrops  in  noticeable  quantity  south  of  peg  133 
only  (Figure  28  S  32).  It  is  derived  from  the  coal  seam  exhumed  at 
the  120-123  foot  level  in  the  A-line  trench.  Partings  of  coal  derived 
from  very  thin  lenses  under  the  sandstone  member  are  found  around 
pegs  139  and  126.  C lay- i ronstone  fragments  appear  to  have  been 
scattered  like  seed  grain  over  many  parts  of  the  foot  and  buoyed  up 
in  other  areas  without  forming  a  clearly  decipherable  pattern. 

It  is  worth  noting  that  the  toe  along  the  northern  end  is 
rough,  steep  and  overlaps  earlier  slide  material  as  is  indicated  by 
overrun  shrubs,  whereas  along  the  southern  end  of  the  foot  undisturbed 
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Figure  27.  Fractured  swale  on  foot  of  the  slide. 


F  i  g  u  r  e  28 


Open  fracture  on  foot.  Coal  seam  is  exposed 
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Figure  29.  Open  fracture  on  foot  filled  with  stagnant  muddy  surface  v/ater. 


Figure  30.  Fractured  low  relief  knoll  on  swale  of  slide  foot 
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Figure  31.  Mud  filled  cracks  around  partially  disintegrated  swale  blocks. 


Figure  32.  Di s i ntregrated  coal  and  bentonitic  shales  on  foot  of  slide 
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vegetation  gradually  increases  with  proximity  to  a  body  of  standing 
water  towards  which  the  ground  slopes  fairly  gently  and  evenly  so 
that  the  two  materials  could  not  be  clearly  differentiated.  The  west¬ 
ern  strip  of  the  toe  drops  only  slightly  because  it  onlaps  sharply 
against  a  broad  ridge  of  gravel  tailings. 

Observation  of  Prec i p i tat  ion  ,  Runoff ,  and  1 nfi 1 trat i on 

Snow  accumulated  most  and  remained  longest  in  depressions 
not  directly  exposed  to  sunlight.  Larger  and  deeper  snowpacks  occur 
between  TL~9  and  TL-10,  TL~1  and  peg  103,  around  pegs  10,  12,  2h , 
and  53  and  between  pegs  28  and  5^,  97  and  120.  These  areas  remained 
quite  moist  until  the  end  of  spring.  Groundwater  seepage  near  peg  7 
under  the  talus  slope  was  most  pronounced  right  into  July,  at  which 
time  this  source  of  moisture  also  dried  up.  A  spring-runoff  rivulet 
discharged  over  the  edge  of  the  head,  at  peg  70,  and  dispersed  be¬ 
tween  the  blocks  of  till  below.  No  other  running  or  ponded  water 
was  observed  except  that  on  the  foot  as  described  above. 

It  was  observed  that  after  a  moderate  rain  shower  a  thin 
sheet  of  water  carried  grains  of  sand  and  some  clay  readily  some 
distance  downslope  on  exposed  surface.  Because  the  clays  swelled 
quite  readily  upon  wetting  and  thus  sealed  the  pores  (Figure  33), 
infiltration  was  less  than  1/2  inch  on  shales  but  up  to  1/2  inch  in 
bentonitic  sandstone.  After  a  week  of  damp  weather,  water  infil¬ 
trated  no  further  than  one  inch. 

Another  feature  worth  noti ng  here  are  the  deep  hair  line 
cracks  in  the  surficial  soils  of  the  original  cutbank.  Though 
invisible  at  the  surface  these  cracks  were  exposed  and  traced  into 
the  bedrock  in  trench  A.  They  are  almost  vertical,  thin  wet  ribbons 
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Figure  33.  Exposed  bentonitic  shales  on  most  northern  end  of  scarp. 

widely  spaced  but  concentrated  in  portions  of  deepest  overburden. 
They  don't  appear  to  aid  soil  creep  very  much;  instead,  outward 
rotation,  some  toppling  over  and  slumping  in  behind  the  cracks  seems 
to  be  a  preferred  mechanism  of  motion. 

Frost  .penetrat  ion  during  the  winter  v;as  not  measured,  as 
frozen  ground  could  not  be  penetrated  with  hand  tools. 
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RESULTS  OF  SUBSURFACE  INVESTIGATIONS 
Auger  Hole  and  Trench^ Data 

In  order  to  establish  a  section  for  correlating  bedrock  mater¬ 
ial  from  the  8  auger  holes,  trenches  A  and  B  were  dug.  On  Plate  XI, 
which  illustrates  Section  A,  the  shales  and  sandstones  below  a  five- 
foot  thick  coal  seam,  at  elevation  120  to  125  feet,  are  quite  silty, 
whereas  those  above  the  coal  are  clayey  and  often  rusty.  Clay-iron¬ 
stone  beds  are  common  at  elevations  of  93,  125,  1^0,  156,  161-162,  and 

171  feet.  All  shales  are  highly  fissile  with  steeply  inclined  cracks. 

( 

Within  the  large  body  of  shale  above  the  coal  bed  pure,  continuous 
bentonite  seams  1/2  to  1  inch  thick  were  encountered  at  elevations  of 
130  and  166  feet.  Sandstone  outcrops  above  the  17^"foot  level.  Its 
matrix  is  largely  bentonite  clays.  The  bedrock  is  illustrated  in 
Figure  3^.  The  base  of  the  same  sandstone  is  at  the  171'foot  level  in 
section  B  (Plate  XM).  Here  it  is  1  li  feet  thick.  If  The  middle  the 
sandstone  is  a  hard,  ca 1 c i cemented  ,  porous,  one-foot  thick  bed.  The 
matrix  contains  little  clay.  Above  the  sandstone  in  section  B  are 
some  15  feet  of  mauve,  tuffaceous  shales  with  a  one-inch  seam  of  tuff 
at  the  196-foot  level.  This  tuff  and  the  mauve  shales  are  absent  from 
the  north  side  of  the  slide.  Some  material  of  the  lower  portion  of 
this  section  is  illustrated  in  Figure  35. 

Field  inspection  of  samples  recovered  from  auger  holes  afford¬ 
ed  a  crude  appraisal  of  the  lithology  within  the  slide  material  (Plates 
III  to  X  and  Figure  36).  Generally,  the  degree  of  fracturing,  shear¬ 
ing,  separating  and  mixing  of  material  was  observed  to  be  directly 
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proportional  to  the  distance  travelled  downs  lope  from  the  edge  of  the 
head.  Material  within  the  head  has  moved  essentially  as  a  single, 
large  block  as  the  structure  of  undisturbed  samples  from  auger  holes 
C-6,  C~7  and  D~1  indicated. 

Nowhere  does  the  shear  surface  dip  into  the  slope  nor  is  it 
uniformly  curved.  Instead,  it  consists  of  as  many  straight  segments 
as  there  are  types  of  material  along  it.  The  lip,  or  the  lower  end 
line  of  the  shear  surface,  is  20  feet  above  the  surface  of  the  stand¬ 
ing  body  of  water  just  south  of  the  foot. 

Belov;  this  lip,  material  of  an  earlier  slide  was  encountered. 

It  is  sandwiched  between  material  of  the  later  . slide  above  it  and  the 
undisturbed  cutbank  and  alluvium  bed  below.  All  of  this  earlier  slide 
material  is  broken  up  and  mixed  at  the  contact  with  the  slide  material 
above. 

Labor atory  Data 

All  results  from  tests  performed  on  collected  samples  are 
tabulated  in  Table  3  and  plotted  with  a  few  exceptions  alongside  the 
lithology  on  Plates  Ml  to  XI  I .  A  direct-shear  test  on  the  salt-and- 
pepper  sandstone  yielded  no  conclusive  results;  but  the  bentonitic 
shale  just  below  this  sandstone  produced  consistent  results  under 
similar  testing  conditions.  Cohesive  strength  is  low  and  the  residual 
angle  of  shear  averages  11  degrees.  The  average  angle  of  rest  of  the 
slide  mass  is  25  degrees  whereas  the  cutbank  rests  at  42  to  43  degrees. 

It  may  be  noted  that  the  natural  moisture  content  in  the  slide 
material  is  slightly  higher  than  that  in  the  undisturbed  material 
(Plates  ill  to  XII).  The  largest  gain  in  moisture  content  was  found  in 
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shear  zone  samples  where  material  is  remolded.  Moisture  content  was 
invariably  below  the  plastic  limit  in  undisturbed  material  but  often 
at  or  even  above  this  limit  in  disturbed  material. 

Because  of  distinctive  test  results  found  in  the  various 
materials  both  the  Atterberg  limits  and  the  grainsize  distributions 
were  largely  relied  upon  to  correlate  material  from  the  auger  holes 
with  material  from  the  two  trenches.  In  other  words,  lithologic 
correlation  depended  much  on  mechanical  properties  and  this  allowed 
the  interna]  displacements  of  the  slide  to  be  estimated. 

Although  the  clay-mineral  assemblage  of  rock  and  soils  in 
the  Edmonton  area  have  been  established  (W.  Pettapiece,  personal  com¬ 
munication,  Aug.,  1968)  clays  from  a  few  rock  samples  were  subjected 
to  X-ray  diffraction  analysis.  It  was  found  that  montmor i 1  Ion i te 
was  invariably  the  predominant  constituant,  followed  by  chlorite 
'  and  illite.  (Table  4).  The  bentonitic  seams  at  the  130  and  166-foot 
levels  consist  almost  entirely  of  montmori 1 loni te.  Liquid  limits  of 

bentonite  from  these  seams  also  indicate  a  high  percentage  of  this 
swelling  sensitive  clay.  Although  the  montmor i 1 loni te  content  of 
the  clay  matrix  in  the  sandstone  was  high,  the  proportion  of  sand, 
with  respect  to  the  total  mass  of  a  sample,  was  too  high  to  permit 
Atterberg  Limits  to  be  run. 
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CHAPTER  FOUR 

INTERPRETATION  OF  RESULTS 

Surficial  Morphology 

Sufficient  data  were  gathered  and  observations  made  to  allow 
an  interpretation  of  many  of  the  surficial  features.  The  major  parts 
of  the  slide  are  discussed  below  and  their  areal  extent  is  shown  on 
Figure  40. 

General  Environment 

To  the  south  of  the  slide,  the  cutbank  is  now  stable  as  com¬ 
pared  to  the  cutbank  to  the  north  of  the  slide  where  material  from 
above  the  130-foot  level  bentonite  seam  has  flowed  out  and  been  re¬ 
moved  through  stream  erosion. 

East  of  the  crown  the  undulating  topography  might  be  due  in¬ 
part  to  sliding  material.  Some  indication  of  earlier  movement  in 
this  area  is  provided  by  the  dip  of  the  rocks  which  is  generally  steep¬ 
er  than  the  regional  dip. 

On  the  north  flank  a  zone  of  slumped  and  actively  creeping 
blocks  was  noticed.  Three  north  dipping  shear  zones  were  observed  that 
are  believed  to  be  related  to  the  above  movements.  In  contrast  to  this, 
no  sign  of  internal  movement  was  noticed  on  the  south  flank  which  is 
therefore  considered  relatively  undisturbed. 

Scarp 

The  scarp  is  basically  a  spoon-shaped  surface  bounded  on 
the  uphill  side  by  a  sinuous  Crestline.  As  the  map  shows  the  Crestline 
is  actually  made  up  of  a  series  of  linked  crescents  which  are  concave 
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downslope.  The  junction  between  crescents  corresponds  to  boundaries 
between  rock  types  suggesting  that  the  Crestline  configuration  is  re¬ 
lated  to  the  present  state  of  internal  stress  of  each  of  the  rock  types. 

The  scarp  is  recessed  into  the  normally  consolidated  lacustrine 
silts  and  clays  that  rest  on  top  of  the  tills.  The  major  reason  for 
this  indentation  into  the  middle  of  the  cliff  is  probably  the  lack  of 
adequate  lateral  support  of  the  weak  material  in  the  two  shear  zones 
that  run  through  CL~*7  and  CL-8.  The  larger  one  of  these  zones  also 
affects  the  tills,  the  shales,  and  the  sandstones  below. 

The  difference  in  appearence  of  the  upper  till  between  the 
two  sides  of  the  scarp  is  due  to  several  factors.  As  noted  earlier 
material  on  the  north  side  is  slumped  and  therefore  more  likely  to  be 
fractured  internally.  This  allows  deeper  infiltration  of  surface 
water,  particularly  through  the  upper  till  into  the  clean  sands  below. 
Greater  exposure  to  the  sun's  radiation  and  thus  losses  of  moisture 
from  the  surface  is  much  more  pronounced  on  the  north  scarp  than  on 
the  south  scarp.  Furthermore,  trees  on  the  north  flank  draw  large 
quantities  of  water  during  the  growth  season  thus  tending  to  lower 
the  moisture  content  of  the  till. 

The  sand  layer  between  the  tills  is  unconfined  laterally 
at  the  scarp  surface  so  that  the  first  row  of  columns  can  shift  and 
tilt  enough  to  open  joints  and  shear  planes,  and  water  can  move  more 
easily  down  into  the  sand.  Staining  and  slaking  was  observed  more 
than  four  feet  deep  into  the  flank. 

In  contrast,  the  upper  till  exposed  on  the  south  scarp  re¬ 
vealed  no  more  than  small  desiccation  fractures  at  the  surface  of 
fissured,  moist  material.  It  is  exposed  to  little  radiation  of  the 
sun.  Grasses  only  draw  from  its  moisture  during  the  growth  season. 
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The  lower  till  is  softer  and  more  fissured  than  the  upper 
till  and  rests  at  a  moderate  slope.  This  could  be  attributed  to  the 
release  of  internal  stresses  in  the  probably  overconsolidated  material. 
The  same  interpretation  likely  applies  to  the  shales  below  this  till 
on  the  south  scarp  because  of  the  same  texture  and  slope. 

The  sandstone  below  the  tills  is  not  fissured  and  appears 
stable  at  a  steep  angle  because  the  loadbearing  silica  framework  can 
absorb  and  release  relatively  large  stresses  with  little  change  in 
volume.  The  clay  matrix  probably  shares  little  if  any  of  the  load 
and  is  thus  inactive  with  regard  to  stress  changes  within  the  rock 
mass.  Except  for  the  thin  bed  of  hard,  ca lei  cemented ,  porous  sand¬ 
stone  the  clay  matrix  closes  the  pores  on  wetting  and  the  soft  sand¬ 
stone  turns  into  an  aquiclude.  From  water  wells  in  the  Edmonton  area 
it  is  known  that  this  sandstone  yields  water  from  open  fractures  only. 

Mead 

The  large  head  has  moved  as  a  single  block  wi th  little  in¬ 
ternal  displacement.  The  graben  to  the  north  is  created  by  a  slight 
southward  shift  w hen  the  whole  mass  moved  down  to  the  west. 

The  cracks  in  the  northern  portion  of  the  head  would  in¬ 
dicate  that  the  till  is  quite  thick  and  wa s  no  moister  than  the  same 
material  on  the  north  flank  at  the  time  of  slope  failure.  The  low 
area  around  peg  63  indicated  a  slipout  of  softer  and  probably  already 
disturbed  bedrock,  which  probably  came  from  an  area  near  CL-8.  Simi¬ 
larly,  the  low  bay  west  of  a  line  between  pegs  25  and  69  indicates  a 
slipout  of  weak  material  under  the  till.  The  upward  turn  of  the 
silt-till  contact  correlates  well  with  the  upward  turn  of  that  same 
contact  below  peg  2.  Thus,  the  large  east-west  trending  block  fault  is 
in  part  responsible  for  the  large  depression  on  the  southern  part  of  the 


I 


-  .  . 

*  " 


* 


•  * 


43 


head.  In  addition,  the  western  edge  is  ill-defined  here;  it  is 
shallow  and  disrupted. 

Northern  Portion  of  Slide  Area 

The  triangular  area  east  of  CL-16  and  peg  54  is  believed  to 
represent  the  scar  of  surficial  slip.  The  extent  of  weathering  and 
vegetal  growth  (Figure  45)  supports  this  interpretation.  It  is  pos¬ 
sible  that  this  area  is  an  irregular  part  of  the  cutbank. 

Immediately  west  of  this  area  is  a  zone  of  blocky,  fractured 
and  sheared  material  from  the  Edmonton  Formation.  It  appears  that 
the  head  has  dragged  along  and  wedged-outward  adjacent  material.  No 
subsurface  investigation  was  conducted  here  so  that  the  configuration 
of  subsurface  shear  and  bedding  planes  remains  unknown.  However, 
judging  from  the  stable  talus  material  below'  T L - 1 9  to  TL-20  and  from 
a  mature,  not  displaced  deciduous  tree  near  TL-20,  the.  slide  wedge 
and  slide  surface  are  not  as  deep  here  as  to  the  south  along  line 
C-C  below  TPF. 

Transit  ion  Zone 

Subsurface  investigations  were  not  conducted  in  the  transition 
zone  (Figure  40)  but,  with  the  deep  head  above,  the  plane  of  fail¬ 
ure  is  expected  to  be  at  a  depth  of  approximately  30  feet,  which  is  a 
relatively  great  depth. 

The  diagonal  ridges  striking  northwest  (Figure  3)  ate  inter¬ 
preted  as  resulting  from  lateral  spreading  during  sliding. 
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Central  and  Southern  Portion  cf  Slide  Body 

The  surface  is  generally  convex  slope-downward  and  crossed 
by  three  transverse  ridges.  These  ridges  closely  respond  to  the 
internal  geometry  slope  downward  beneath  them  (Figure  40,  Plates  1 
and  ll).  One  or  perhaps  two  such  ridges  could  be  expected  to  develop 
during  a  single  slide  but  the  third,  and  lowest,  ridge  appears  to 
be  due  to  an  earlier  slide.  Part  of  this  material  was  later  bull¬ 
dozed  along  and  mixed  with  the  material  of  the  most  recent  slide. 

Considering  the  shallow  depth  and  slope  of  the  scarp  the 
slumped  material  from  either  slide  cannot  be  thick.  The  total  thick¬ 
ness  of  slumped  material  is  probably  less  than  50  feet  and  half 
that  thick  under  the  foot.  Thus,  the  slide  surface  is  shallow  enough 
to  allow  it  to  be  roughly  visualized  from  the  surface  configuration. 
As  Plate  II  shows  the  shear  planes  are  more  frequently  encountered 
farther  downslope.  The  sheared  material  is  believed  to  rest  on  the 
original  cutbank  and  on  the  wedge-shaped  plane  of  failure  of  this 
slide  on  which  the  head  rests.  This  interpretation  is  based  on 
the  cross-section  (Plate  ii)  discussed  further  in  a  following  sec¬ 
tion. 

Foot 

The  morphological  configuration  of  the  foot  suggests  that 
the  availability  of  water  in  the  abandoned  channel  contributed  sub¬ 
stantially  to  the  spreading  and  thorough  mixing  of  chunks  and  frag¬ 
ments  of  bentonitic  sandstone  and  shale.  The  lateral  spreading  of 
the  larger  chunks  is  especially  well  documented  in  the  low  inter- 
ripted  outer  rim.  The  high  degree  of  mixing  is  evident  with  the 


absence  of  any  s tra t i graph i c  pattern,  however  faint,  on  the  surface. 
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Ponded  water  and  a  confining  bank  of  worked  terrace  alluvials  are 
largely  responsible  for  the  almost  level  surface  of  the  foot. 

Coal,  from  the  120-125  foot  level  seam,  outcrops  near  peg 
133  and  provides  the  only  measurable  displacement  of  material  from 
undisturbed  beds  in  the  cutbank.  The  absence  of  this  coal  elsewhere 
on  the  surface  of  the  foot  suggests  that  the  coal  was  buried  by  slide 
materials  from  above  the  seam.  The  erratic  spatter  of  coal  found 
in  the  northern  area  of  the  foot  is  associated  with  sandstone  that 
is  exposed  in  the  north  scarp  near  peg  3^. 

Anomalous  San ds  t one  Le n s 

The  peculiarly  downward-bent  sandstone  lens  between  pegs 
10  and  11  does  not  appear  to  have  been  deformed  by  recent  stress 
changes.  It  could  hardiy  be  attributed  to  slumping  because  the 
stresses  to  cause  such  a  large  deformation  are  believed  to  be  much 
greater  than  could  possibly  be  provided  under  present  conditions. 
Alternatively,  ice  pressure  during  glaciation  seems  to  be  a  more 
plausible  factor.  Under  streses  of  several  thousand  feet  of  ice, 
softer  material  would  yield,  deform  and  consolidate  more  readily 
than  a  harder  material,  particularly  in  locally  anomalous  facies. 

It  is  thus  speculated  that  perhaps  the  entire  failed  area  to  the 
north  of  the  slide  area  was  somewhat  altered  during  glaciation  and 
weakened  more  when  variable  strains  on  rebound  would  have  induced 
differential  stresses.  Therefore,  the  east-west  trending  shear  zone, 
for  example,  through  C L ~ 7  could  in  part  be  attributable  to  this  initial 
weakening  of  rock  material,  and  the  anomalous  sandstone  lens  below  is 
evidence  of  a  large  differential  shift  in  this  material. 
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Material  near  the  surface  is  fissured  and  s 1 i ckens i ded . 

Much  of  this  is  caused  by  a  significant  reduction  of  lateral  con¬ 
fining  pressure  and  accompanying  strain.  Water  entering  the  fis¬ 
sures  is  adsorbed  by  swelling  clays  that  then  exert  a  swelling  pres¬ 
sure  against  confining  material. 

It  was  found  that  the  natural  moisture  content  was  slightly 
higher  in  the  slide  material  below  the  till  than  in  undisturbed  bed¬ 
rock.  (Plates  II!  to  X I  I ) .  This  is  mainly  attributed  to  increased 
porosity  created  by  a  general  major  stress  relief  and  accompanying 
strain  expansion  in  the  compressed  rock  material.  Skempton  (19^8) 
referred  to  i t  as  strain  softening. 

Subsurface 

The  cross-section  C-C  (Plate  ll)  was  constructed  from  auger 
hole  data.  The  correlation  of  the  strata  between  holes  and  defini¬ 
tion  of  the  subsurface  structure  was  achieved  mostly  by  the  use  of 
texture,  color,  and  Atterberg  limits.  In  addition,  the  surface 
morphology  significantly  assisted  in  delineating  the  trend  and  esp¬ 
ecially  the  frequency  of  shear  planes  between  the  wedges  and  slices 
below  the  head.  Unfortunately,  no  reconstruction  of  the  internal 
structure  of  the  slide  west  and  a  little  east  of  hole  C-*t  was  pos¬ 
sible,  but  the  surface  configuration  of  form  and  material  suggests 
that  no  very  large  blocks  are  left  intact. 

The  plane  of  failure  is  we  1 1  below  the  weathered  zone  which 
is  6  feet  deep,  extends  east  almost  horizontally  from  the  cutbank 
surface  into  the  slope  for  about  70  feet  when  it  meets  the  scarp 
surface  that  has  a  grade  of  55  degrees  from  the  horizontal.  It  is 
not  a  simple  plane  of  failure  of  a  fixed  or  uniformly  varying 
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radius  of  curvature,  as  is  commonly  observed  in  failed  slopes  of 
homogeneous  or  isotropic  material.  It  also  should  be  noted  that 
nowhere  is  the  plane  of  failure  dipping  into  the  slope.  This  is 
mainly  due  to  the  horizontal,  saturated,  bentonite-rich  zone  of 
shale.  Only  active  earth  pressures  and  large,  resisting  friction 
stresses  can  account  for  the  steep  angle  of  the  plane  of  failure 
of  the  scarp.  The  probable  absence  of  excess  pore  water  pressure 
allows  for  such  steep  angles.  It  is  probable  also  that  the  shear 
plane  has  maintained  the  steep  angle  through  the  lower  till  and 
become  vertical  through  the  upper  till  and  the  lacustrine  deposits. 
These  have  then  collapsed  to  deposit  the  talus  apron  on  the  scarp 
above  the  head  and  to  leave  a  stable  slope  below  the  crest. 

From  the  description  above  it  is  evident  that  failure  of 
the  slope  here  originated  within  the  highly  overconsolidated  bent¬ 
onitic  shales  of  the  Edmonton  Formation.  The  high  internal  stresses 
and  heterogeneous  lithology  prevented  the  plane  of  failure  from  reach 
i ng  a  great  depth.  In  addition,  it  is  emphasized  that  the  varying 
internal  friction  stresses,  the  load  stresses,  and  stresses  due  to 
pore  water,  just  before  and  at  the  instant  of  slope  failure,  deter¬ 
mine  in  essence  the  configuration  of  the  plane  of  failure. 

Groundwater 

In  the  absence  of  data  on  groundwater  its  involvement  in 
this  landslide  remains  speculative.  No  water  was  found  except  in 
Holes  C-l,  C-2,  and  03.  This  data  was  far  from  sufficient  to  even 
guess  at  the  water  table  location  and  configuration  anywhere  within 
the  slope,  not  to  mention  groundwater  motion. 

Instead,  the  bedrock  structure  and  estimated  relative 
porosity  of  the  material  were  used  in  order  to  arrive  at  some  work¬ 
able  model  of  groundwater  motion  and .  i ts  effects  on  the  medium 
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under  various  conditions.  Ca 1 c i cemented  sand  and  rust  staining  are 
indicators  of  active  groundwater  movement.  Open  joints  in  the  coal 
bed  can  readily  transmit  groundwater.  Shaley  beds  and  lenses  of 
very  low  permeability  separate  beds  of  higher  permeability  which  are 
usually  identified  with  rust  staining  or  noticeable  clay- i ronstone 
concretion  content.  This  alternate  bedding  is  quite  frequent  though 
unequally  spaced.  When  mon tomor i 1 1  on i te  clay  is  hydrated  with 
water,  it  tends  to  swell  and  seal  pores,  exsert  pressure  on  surround¬ 
ing  material  so  as  to  assist  slope  failure.  Thus,  if  the  effects 
of  meltwater  or  groundwater  was  among  the  final  factors  triggering 
this  landslide,  slope  failure  most  likely  occurred  during  or  after 
a  wet  spring. 

Futu re  S lope  Fa i 1 u re 

There  are  no  signs  within  the  immediate  slide  area  that  point 
to  another  massive  slope  failure  in  the  immediate  future  since  the 
toe  is  loaded  while  the  head  and  crests  to  the  south  are  low.  The 
weaker  zones  appear  to  be  sufficiently  stable,  on  the  one  hand,  to 
safeguard  against  failure,  making  the  slide  mass,  at  least,  tempor¬ 
arily  stable.  On  the  other  hand,  there  is  ample  evidence  that  mass 
wasting  on  a  smaller  scale  takes  place.  Largely  as  a  result  of  agents 
that  influence  surficial  weathering  and  mass  wasting,  debris,  scales 
and  occasionally  a  block  of  sandstone  or  column  of  till  break  loose 
from  the  scarp  and  come  to  rest  on  the  talus  apron.  Pieces  of  sod 
also  drift  a  little  from  time  to  time  and  material  on  the  north  flank 
is  creeping.  V/ i thin  the  slide  mass  only  the  recently  cut  banks  are 
shifting  into  a  stable  position.  During  the  cold  season  no  shift¬ 
ing  of  any  material  was  detected. 
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Removal  of  any  material  from  the  bottom  of  the  cutbank  how¬ 


ever,  will  tend  to  make  the  slope  unstable  again. 
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CHAPTER  FIVE 
EVOLUTION  OF  THE  SLIDE 

The  interna]  stress  history  of  the  materials  studied  is:  1) 
compression  due  to  loading  of  sediments  deposited  during  late  Cretaceous 
and  early  Tertiary  times;  2)  partial  release  of  these  stresses  by  re¬ 
moval  of  overburden  through  extensive  land  erosion:  3)  recompression 
by  a  thick  ice  sheet;  followed  by  A)  some  stress  release  when  the 
Pleistocene  ice  melted  away ;  and  5)  the  release  of  stress,  laterally 
v/as  produced  by  a  channel  that  was  rapidly  carved  out  by  meltwater 
from  the  ice.  This  channel  is  now  occupied  by  the  North  Saskatchewan 
Ri ver  ( F i gure  38.1). 

The  slide  scar,  to  the  north  of  the  slide  area,  is  believed 
to  predate  a  terrace  at  its  foot,  because  no  slide  material  was  found 
on  the  terrace.  The  terrace,  which  is  wide,  gravel  capped,  and  about 
25  feet  above  the  present  river  level,  has  been  dated  as  at  least  6500 
years  old  (V/estgate,  1965),  The  water  table  in  the  slide  area  remains 
low  throughout  the  year,  showing  only  slight  sasonal  fluctuations.  It 
is,  however,  above  the  terrace  level,  as  indicated  by  the  ponded  ground- 
water  in  the  depressions  on  the  terrace.  The  water  table  is  highest 
during  the  frost  free  period. 

Approximately  25  years  ago,  based  on  the  appearance  of  the 
pit,  gravel  was  removed  from  the  toe  of  the  slope,  probably,  when  the 
ground  was  unfrozen.  This  removal  of  the  toe  load,  at  a  time  when  the 
groundwater  table  and  therefore  the  hydrostatic  pressure  are  high,  pro¬ 
bably  was  the  triggering  mechanism  for  the  landslide.  The  mass  slid 
horizontally,  slope-outward,  on  a  weak,  bentonite-rich  zone,  at  the 
piezometric  surface.  As  the  mass  slid  outward,  sections  on  the  west 
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side  collapsed  into  the  water-filled  gravel  pit.  The  east  side  of  the 
uppermost  portion  of  the  wedge  block  collapsed  into  the  open  space  be¬ 
hind  it  (Figures  33. 2  to  38.5).  Some  material  from  the  cliff,  and  part- 
cularly  from  the  crown,  has  since  broken  away  and  formed  the  talus  apron. 
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VERTICAL  EROSION 


Figure  38.1 


Figure  38.2 


Figure  38.3 


Figure  38.^ 


Figure  38.5 


EVOLUTION  OF  THE  SLIDE 
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CHAPTER  SIX 

SUMMARY 

V/i  th  detailed  mapping  of  surficial  materials,  topographic 
and  structural  features,  followed  up  by  trenching,  drilling  and  log¬ 
ging,  and  finally  by  tests  on  over  four  hundred  samples,  the  motion 
of  the  slide  with  respect  to  its  surficial  expressions  could  be  estab¬ 
lished.  Factors  causing  this  slope  failure  were  suggested. 

The  slide  area  is  located  eight  miles  southwest  of  Edmonton, 
Alberta,  on  an  abandoned  cutbank  of  the  North  Saskatchewan  River.  The 
15'0-foot  high  slope  faces  west.  The  slide  is  220  feet  wide,  320  feet 
long  in  plan  and  up  to  50  feet  thick.  The  large  head  has  descended  60 

feet  into  a  graben,  moved  outward  70  feet,  and  tilted  backward  10  degrees 

as  indicated  by  shrubs,  and  trees  as  well  as  borehole  information,  and 
the  study  of  surficial  material.  The  few  cracks  on  its  northern  sur¬ 
face  indicate  minor  internal  shearing.  Depressions  along  the  southern 
edge  of  the  head,  point  to  material  with  greater  displacement  some 
distance  below  the  surface.  A  graben  is  formed  only  along  the  north¬ 
ern  rim,  which  indicates  predominant  movement  away  from  the  scarp. 

Some  material  has  also  wedged  outward  in  the  northern  portion.  The 
sharp  edge  of  the  head  is  related  to  the  lower  end  of  the  shear  sur¬ 
face,  encountered  near  the  bottom  of  the  auger  hole  C-A. 

The  bulk  of  the  slide  material  is  beyond  the  edge  of  the  head. 

This  is  the  body  on  which  there  are  three  transverse  ridges,  or  swales, 

with  only  the  lowest  one  clearly  exhibiting  a  variety  of  tension  frac¬ 
tures  on  exposed  subsurface  material.  Till  blocks  have  slid  down  to 


almost  the  lowest  ridge. 
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The  moon-shapped  foot  and  toe  which  rest  almost  horizontally 
in  the  water-filled  trench,  is  encompassed  by  a  broken  and  tension-frac¬ 
tured,  rim. 

The  materials  involved  in  this  landslide  are,  from  top  to 
bottom,  Lake  Edmonton  silts  and  clays,  a  columnar,  desiccated  upper 
till,  a  softer  and  fissured  lower  till,  and  from  the  Edmonton  Form¬ 
ation  black,  mauve  and  bentonitic  shales  that  are  absent  under  the 
north  flank  tills,  a  thick  bed  of  bentonitic  sandstone,  a  thick  seq¬ 
uence  of  thin-bedded,  fissile,  bentonitic,  concretionary,  and  some¬ 
times  silty  shales,  a  5  root  thick  bed  of  coal,  and  silty,  sandy  and 
sometimes  bentonitic  shales  below  this  coal. 

Several  factors  are  thought  to  have  influenced  the  stability 
of  the  material  in  this  area.  An  early  and  major  factor  responsible 
for  setting  the  stage  for  slope  failure,  is  overconsolidation  of  rock 
material  that  now  tends  to  release  presumably  large  stresses  and  be¬ 
comes  strain  softened.  Added  to  this  state  of  stress,  are  the  stresses 
left  from  differential  reconsol idation  by  a  thick  sheet  of  ice  that 
has  melted  away  at  the  close  of  the  Pleistocene  Epoch. 

Among  the  more  recent  and  readily  detectable  factors  affect¬ 
ing  slope  stability  are  stream  cutting  that  formed  the  cutbank,  fissur- 
i ng  and  weathering  of  exposed  material,  and  some  minor  local  faulting. 
The  steepness  of  the  slope  certainly  is  a  major  factor  contributing 
here  to  slope  instability.  A  fault  zone  trending  orthogonally  through 
the  upper  central  portion  of  the  scarp,  not  only  interrupted  and  thus 
weakened  the  slope,  but  also  allowed  meltwater  to  accumulate  and  build 
up  a  hydrostatic  head  in  its  large  open  spaces,  probably  during  spring 
thaw.  Furthermore,  montmor i 1 loni te  clay  tends  to  swell  on  addition  of 
water,  but  in  a  confined  environment  it  converts  part  of  its  ability 
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to  expand  into  pressure  that  readily  weekens  its  resistance  to  shear 
stresses.  Removal  of  the  toe  load  is  in  this  case  credited  with  trig¬ 
gering  the  slide. 

Slope  failures  in  overconsolidated  heterogeneous  material 
are  typically  shallow  and  wedge-shaped.  Borings  along  a  central  line 
have  not  entirely  confirmed  this  assumption  here,  but  i  nvesti gations 
of  slides  in  central  Alberta  invariably  demonstrate  a  wedge-slide  pat¬ 
tern  . 

A  carefully  instrumented  slope  with  observation  records  over 
many  years  and  continuous  sampling  of  material  from  many  strategically 
placed  holes  would  reduce  guesswork  and  permit  mathematical  treatment 
of  the  problem.  It  is  estimated  that  the  large  outlay  for  such  an 
undertaking  might  be  feasible  in  the  case  of  a  slope  which  is  about  to 
fail  and  threatens  the  safety  of  a  structure  such  as  a  bridge  abutment 
or  some  other  property. 
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APPENDIX  A 


PHOTOGRAPHS  OF  TRENCH  A  AND  B 
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Figure  3^.  Trench  A.  Exhumed  sequence  of  most  of  bedrock  underlying  slide 
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Figure  34.  Trench  A.  Exhumed  sequence  of  most  of  bedrock  underlying  slide 
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Figure  3^-  Trench  A.  Exhumed  sequence  of  most  of  bedrock  underlying  slide 


sandstone  contact  under  slip 


Figure  35.  Trench  B.  Exhumed  shale 


surface 


APPENDIX  B 


PHOTOGRAPHS  OF  AXIALLY  CUT  SHELBY  TUBE  SAMPLES 
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Fi gure  36.01 


Auger  hole  C - 1 ;  axially  cut  shelby  tube  samples 
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Figure  36.02 


Auger  hole  C  —  2 ;  axially  cut  shelby  tube  samples 


33.  3  -33.  6' 


/3.  /  '-/3.  7  ' 


is.  /  te>.  5' 


2 3.  O'-  23.6' 


8.0'  -  3.  8' 


Auger  hole  03; 


axially  cut 


shelby 


tube  samples. 


Figure  36.03 
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2^.o‘~  2  3;  <3  ' 


Figure  36.0^. 


Auger  hole  C-^4; 


axially  cut  she  1  by 


tube  samples. 
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Figure  36.05.  Auger  hole  C  — 5 ; 


axially  cut 


shelby  tube  samples. 
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£>2.  O  Zl.  6  ' 


Z6.0  '-26-5' 


Figure  36.06.  Auger  hole  C-6;  axially  cut  shelby  tube  samples. 
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Figure  36.07. 


Auger  holes 


07  and 


D-1 


axial  1 y 


cut  shelby 


tube  samples. 


APPENDIX  C 


PHOTOMICROGRAPHS  OF  TH INSECT  IONS  OF  BEDROCK 
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Figure  37.01.  Sample  A 1 0 8 . 1 ,  ^0X. 
Shale,  fine  grained  poorly  sorted 
poorly  structured  siliceous  calc¬ 
areous  bi tumenous .  r 


Figure  37-03.  Sample  A 1 19-3,  ^0X. 
Sha 1 e ,  fine  textured  poorly  sorted 
poorly  bedded  calcareous. 


Figure  37-05.  Sample  A 1 3  2 . 9  ,  kOX. 
Sha 1 e ,  very  fine  textured  finely 
laminated  bentonitic  siliceous 
very  fine  coally  partings. 


Figure  37.07.  Sample  A1'-i6.8,  IfOX. 
Sha 1 e ,  fine  textured  poorly  sorted 
disturbed  laminated  bitumenous 
fer rugenous . 


Figure  37.02.  Sample  A 1 15.0,  100X. 
Shale,  very  fine  textured  massive. 


Figure  37.0^.  Sample  A125.1,  1C0X. 
C 1  ay- i rons tone  concretion,  fine 
textured  calcareous  unstructured. 


Figure  37.06.  Sample  A  7  3  8 . 2  ,  100X. 
Shale_,  very  fine  textured  bedded 
concret i onary  calcareous  some 
coa 1 ly  fragments . 


Figure  37.08.  Sample  A 1 5 2 . 1  ,  100X. 
Shale,  medium-fine  textured  bedded 
siliceous  coally  fragments. 


Figures  37.01  to  37.08.  Photomicrographs  of  thinsections  of  bedrock 
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Figure  37.09.  Sample  AI58.O,  ^0X. 
Shale,  medium-fine  textured 
poorly  structured  large  and  small 
coal  fragments  siliceous  feldspath 
ic  poorly  sorted. 


Figure  37.10.  Sample  A165.6,  40X. 
Shale,  medium- fine  textured  poorly 
sorted  laminated  bentonitic 
very  fine  coal  particles. 


Figure  37.11.  Sample  A168.0,  128X.  Figure  37.12.  Sample  A172.3,  ^OX. 
Shale,  very  fine  textured  laminated  Shale,  very  fine  grained  laminated 
bentonitic  common  coal  particles,  bentonitic  common  coal  fragments. 


Figure  37-13.  Sample  A172.3,  *i0X. 
Shale,  very  fine  grained  laminated 
common  coa 1  pa r  t i ng  s  ben  ton i t : c . 


Figure  37-1^.  Sample  AT/2.3,  ^0X. 
Shale,  very  fine  textured  massive 
bentonitic  siliceous  feldspathic 
iii  i  nor  coal  fragments. 


Figure  37.15.  Sample  A1 73 .7 ,  **0X. 
Shale,  very  fine  grained  laminated 
bentonitic  minor  coal  particles. 


Figure  37*18.  Sample  B190.0,  ^lOX. 
Shale ,  medium  to  very  fine  textured 
tuffaceous  slightly  calcareous. 


79 


-■'"T  '•  r  '  V  1 

*£27' \ 

Figures  37.09  to  37.16.  Photomicrographs  of  th i nsect i ons  of  bedrock 
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Figure  37.17.  Sample  A17*t.2,  ^ OX .  Figure  37.18.  Sample  A 1 7 ^ • 2 ,  *tOXNic. 
Sandstone ,  medium  textured  poorly  structured  siliceous  feldspathic 
trace  heavy  minerals  clay  cemented  closed  framework. 


Figure  37.19.  Sample  A17&.2,  *J0X.  Figure  37.20.  Sample  A176.2,  ^OXNic. 
Sandstone ,  medium  textured  well  sorted  poorly  structured  feldspathic 
siliceous  minor  heavy  minerals  and  coal  not  quite  closed  framework 
clay  matrix  slightly  dolopitic. 


Figure  37.21.  Sample  A 1 79 • 2 ,  *}0X.  Figure  37.22.  Sample  A 1 7  9 . 2  ,  40XNic. 
Sandstone ,  medium  textured  well  sorted  unstructured  siliceous  feldspathic 
trace  heavy  minerals  slightly  weathered  closed  framework  clay  matrix. 


Figure  37-23.  Sample  B 132.3,  40X. 
Sandstone ,  medium  textured  massive 
minor  coal  particles  clay  matrix 
closed  framework  slightly  weath¬ 
ered  . 


Figure  37.2*4.  Sample  S43,  40X. 
Shale,  medium-very  fine  grained 
disturbed  laminated  fractured  coal 
parti ngs  ben  ten i t i c . 
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Figures  37*17  to  37*24.  Photomicrographs  of  thinsections  of  bedrock 
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APPEND  I  X  F 

DATA  AND  ROSE  DIAGRAMS  OF: 
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Table  1%  Data  of  macro  till  fabric  of  upper  till,  south  scarp 
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Fig.  k3.  Macro  till  fabric  of  upper  till. 
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Azimuth 

of  joint 
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000 
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Fig.  50.  Strike  of  joint  planes  of  upper  till. 
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TABULATED  RESULTS  OF  LABORATORY  ANALYSIS 
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Machine  setting,  Cu:  16/1.0/2.  Ch  =  Chlorite,  I  =  ! 1 1  i  te ,  M  =  Montmorill. 
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